There has been considerable interest for some time, particularly among clinicians, in developing a reliable method for estimating the distribution of fibres within a whole nerve bundle.1 '9 In the cou-se of studying the effe_ts of axotomy on peripheral nerves,10 we have examined the characteristics of single unit action potentials in some detail and have applied our findings to the computation of whole nerve conduction velocity distributions. In addition, we have been able to compare these distributions to fibre diameter distributions obtained from histological examination of the same nerves.
The basic idea behind computation of conduction velocity distributions from compound action potentials originated with the work of Gasser and Grundfest.1" They attempted to reconstruct a compound action potential on the basis of the fibre diameter distribution of a nerve. Later Olson3 studied the reconstruction method in greater detail, considering a variety of factors which could influence the shape of the resultant compound action potential. Barker et a16 and Cummins et al7 subsequently followed Olson's approach in formulating procedures which could be applied clinically in computing conduction velocity distributions from recorded compound action potentials. The basic assumption in their Sampling the compound action potential at M discrete intervals produces a set of M linear simultaneous equations which can be solved to determine the conduction velocity distribution. A model single unit potential can be obtained by stimulating near the recording site on the nerve. This minimises the effects of dispersion due to differences in the conduction velocities of stimulated fibres, hence providing a template which represents the average shape of a single unit potential.
The particular formulation developed by Cummins et al7 was chosen for the analysis of compound action potentials recorded in the experiments of our study. The mathematical theory and computer implementation are discussed in greater detail in the Appendix.
Methods
Data were obtained in a series of 26 experiments designed to determine the effects of axotomy on motor and sensory fibres in peripheral nerves. Only a brief description of the experimental procedure is given here. More detail can be found in the following paper.'0 L7 and SI dorsal and ventral roots and potentials were analysed using a computer program which could determine the amplitude and half-width of a peak, as well as integrating the area under the peak. The recorded potential amplitude could be converted to dimensions of current by dividing the amplitude by the recording impedance measured at 10 kHz. Computation of the area was then equivalent to integrating current over time (giving dimensions of charge).
Another program was used to compute conduction velocity distributions. The compound action potential obtained by stimulating the nerve near the recording site served as a single unit potential template. In experiments where single unit potentials were recorded we were able to confirm that the shape of our template potential was similar to that of single unit potentials of different conduction velocities recorded from the same nerve ( fig 2) . We computed the relative number of single unit potentials of various conduction velocities required to reconstruct the dispersed compound action potential obtained from spinal root stimulation. The computation incorporated scaling factors which accounted for the dependence of amplitude and duration of single unit potentials on conduction velocity. These factors were determined from the accumulated single unit potential data. A description of the computer program is included in the Appendix.
Results
Approximately 200 Conduction velocity (m/s) Fig The two distributions showed no significant differences except in the first bin. This difference was due mainly to the fact that our sampled data included only fibres conducting at velocities greater than about 10 m/s, that is fibres with diameters larger than two microns. The mean number of fibres counted in histological sections of these nerves was compared with the mean number in the computed conduction velocity distributions. There was no significant difference between these two values (two-sided t-test, p>0 3).
The count was 1021+94 (mean-+-SE; n=5) while the computed number was 1153+226. A similar comparison of distributions was made for the MG nerve. Again, the two showed no significant differences except in the first bin ( fig 6B) . This difference was also due to the exclusion of fibres less than two microns in diameter from the sampled record. The means of the number of fibres counted (781+52) and computed (831+136) did not differ significantly (two-sided t-test, p>0-35). 
Appendix
Computation of the conduction velocity distribution Given that the single unit potential (SUP) waveform varies with conduction velocity only and that SUPs sum linearly to produce the recorded compound action potential (CAP), the CAP may be expressed in the following form:
where C(t)= the recorded CAP as a function of time N= the number of fibre classes wi= the amplitude-weighting coefficient for fibres in conduction velocity class i f,(t)= the SUP for the conduction velocity class i d,= the propagation delay for fibres in class i The f,(t) are normalised with any amplitude dependence on conduction velocity incorporated into the weighting coefficients wi. The major factors determining the delay times di (the time elapsed from the instant of nerve activation until the action potential arrives at the recording site) are the distance travelled along the nerve and the velocity of propagation, that is di=L/vi (2) where L=measured distance from the stimulating cathode to the recording site vi=the conduction velocity represented by class i "Virtual" cathode effects and activation times are neglected here because the delays which they introduce are small in comparison to the conduction time which was always greater than 1 ms.
The weighting coefficients w, are assumed to be of the form:
wl =M, kv,n
where M1 =the number of fibres activated in class i k=an empirically determined constant n=an empirically determined exponent The values of k and n were determined experimentally by plotting SUP amplitude against conduction velocity. The values are listed in the table. The value of k is not needed to determine the normalised conduction velocity distribution since it can be factored from Eqn(l) and therefore disappears upon normalisation.
The CAP model of Eqn(l) can be formulated in terms of discrete time by using equally spaced samples for the SUP and CAP functions. Eqn(l) then becomes
where tk is the kth time point. Assuming that there are K values of the CAP, Eqn(4) may be written in matrix form. c=Fw (5) wherec=a KX1 column vector of K samples of the CAP F=a KXN matrix whose ith column is the sampled SUP function f, (tk-di) w= an NX 1 column vector of the N weighting coefficients
In estimating the conduction velocity distribution from a recorded CAP and known SUP properties, Eqn(5) may be viewed as a set of K equations in N unknowns (the w,). If the matrix F were square (that is K=N) and non-singular, the vector w could be determined. In If the columns of the matrix F are chosen to represent SUPs having different delay times, then they will be independent and the system will have a unique solution. Because of the symmetry of FTF, Eqn (6) can be solved for w by using the square-root method. 16 A FOCAL program was written to compute a conduction velocity distribution with 38 conduction velocity classes, chosen so as to have conduction latencies which differed by at least one sample period of the digitised CAP. The choice of 38 classes was somewhat arbitrary having been dictated to a large extent by the amount of computer memory available. SAPs representing individual conduction velocity classes were obtained by scaling the duration of the SUP template (see Methods) according to the experimentally determined relationship between half-width and conduction velocity. The scaling was done by linear interpolation so as to preserve the SUP waveshape. Each conduction velocity class had an associated delay time di calculated from Eqn (2) . In this way the sampled SUP functions fi(tk-di) of Eqn(4) were determined and subsequently used to construct the F matrix.
The program computed FTF and using the CAP vector c found the least-squares estimate of the weighting vector w by the square-root method. The weighting coefficients wi were then scaled by V,-n to calculate the values of M1 which constituted the conventional conduction velocity distribution. The M, were accumualted and normalised to generate the cumulative conduction velocity distribution.
